Stability of N4(2-)-based sandwich-like energetic complexes [N4TiN4]2-: effect of spins and counterions.
Design and assembly of new aromatic units has received growing attention due to its fundamental and application interests. Recently, a series of singlet sandwich-like complexes [N(4)MN(4)](q) (M = Ti, V, Cr, Fe, Co, Ni) based on the energetic all-nitrogen 6pi-aromatic species N(4)(2-) have been devised. However, how the electronic spins and counterions influence the kinetic stability of sandwich-like complexes has been very little understood, though it is very important to assess their potential use. In this article, we report our DFT study on the stability of the charged [N(4)TiN(4)](2-) and [N(4)TiN(4)TiN(4)](2-) systems as well as the neutral [N(4)TiN(4)]Li(2) system in both singlet and triplet electronic states. We found that the ground state structures of di-deckered [N(4)TiN(4)](2-) and [N(4)TiN(4)]Li(2) as well as the tri-deckered [N(4)TiN(4)TiN(4)](2-) are all in triplet state, rather than the previously reported singlet ones. Therefore, the N(4)(2-) and Ti(2+)-based sandwich-like complexes should be in high spins and may have potential use for new paramagnetic materials. Moreover, our calculations indicate that although the counterions can induce the electronic stabilization, they on the other hand can lead to the considerable kinetic destabilization of the N(4)(2-)-based sandwich-like complexes because the counterions can structurally destroy the perfectness of aromatic N(4)(2-). Thus, in study of the sandwich-like complexes, the effect of counterions cannot be neglected for assessment of the kinetic stability.